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BECTION 1 
INTRODUCTION 


This report is the final Tscanical Documentary Report of Contract AF30(692)-3968, Task 
551902 and Projec: No. 5519. | 


The purpose of the program was to develop accelerated testing techniques for high relia- 
bility parts and to define long-term degradation mechanisms for these parts. The parts 
which were tested during the program are shown in Table 1-1 with the internal GE high 
reliability designation, the closest commercial designation, and the marmifacturer. — 


Table 1-1. Description of Parts Tested 


CLOSEST COMMERCIAL 


DESIGNATION 
Resistors 
R201 % Cz Metal Film, 1/8 Watt XLT, IRC 
R2948 Tin Oxide Film, 1/8 Watt NF60, Corning 
Capacitors 
R2045 tved Glass Me'ectric CYFR, Corning 
Dicdes ) 
| 2008 P65, P10 Silicca. Regulator — TWT51A, TBRA, COO 
| Re010 PA . Silicon, VHF IN261, CDC | 
| R2011 Pi Silicon, Computer IN&42A, CDC 
7. aslstors . 
R2004 Pi WP, Silicon, 3 Watt 2Ni613 FSC 
2005 Pl PNP, Silicon, 2 Watt 2N11382 FSC 
R2026 P1 NPN, Silicon, 2 Watt 2N703 FSC 
RZ060 Pl NPN, Silicon, 4 Watt 2N657 FSC 
R4A041 Pl PNP, Silicon, 2N95 FEC 


r- 


The parte under study were originally purchased tor a: reliability evaluation program during 
Project Advent (Contract AF04(847)-476). The reliability test and evaluation portion of the 


1-1 


project was {nitiated in 1960 to determine and spevify procurement methods, scToening 
techniques, and teat and evaluation o-ocrams which would provide ascurance that the 
hardware for the fiyable satallites wou: . sust the progrem objective of a 3-year life tr. s 
nunmaintaineble space environment. Axc<lerated step-atreas ard constant stress tests 

were periormed on electric paria during the program to provide data and !nforma%iun 

which would lead to the formulation cf design-life data, and screening vests, The teat 
program contizued until September, 1963 et which time the parts on life testo hed accumulated 


60606 to 10,566 hours each at various applied scressea an? envirormentel sonditions. The 


parta weve then placed at sior®ge conditions of 28° Celsius and zero power for ten mox’hs and were 


reactivated to the same prior test conditions for a 1 year period in June, 1984 as a reu'iie- 
ment oi contract AF $0/802;-8415, The step-atress tezts which were comristed during the 
Advent Program provided date which was analyzed during the inttlal period of the contsect, 
The combiaation of the resulta of the atep-strcas teats and the constant stres« teats formad 
the basis for the determinati-: ui the measurement techniques for cortrollabie accelsrate| 
testing tuchnies recomiiended as a result of the contract. The pert» continued on Life 
Test during the period of June 65 to Dec 65- the starting 2sie for this one year contract 

(AF 3C(602)-3968;. The constant atreaa tests unve accumulated 25, 000 to 30. 000 hours of 
teat ti.re and the atep-stress tesia were completed during the previcus contracts, The testa 
were continued fo~ a one year period to provide greater confidence in the test technique and 


to provide for further araiysia of degradc.ion trends. 


The definition and establishment of accelerated testing methods and techniques for elecironic 
parts must be based upen the ectu-* failure mechaniama which exist in the part. Consequently 
this progiam consists of two distinct yet interrelated investigationg The flrat being the 
accelerated teat program above and the second is the definition of the physical degradatica 
tinechaniama which the parta exhibit during the tests. Laboratory (nvestigaticaus were cum 
ducted on untested and on failed parts during tha course of the program to {dentify the pert 


failure mackariama, In addition, + separate phvsics of failure investigation was ‘watituted 


during this contract on {narganic dielectric capacitors. 


° 
ene pewee meee ven ens MRR RO ee EE SE REAR ENN tetera MemnNeteT: team STR SI TIN ET 


ern ge shea eh ht STMT GR POSE NE OPE a 


ft 
i The presentatior of the accelerated testing concept, approa', &.. results are shown tn 
i Section 2. The resulte of the studiss of the capacitor fatiuc: nechardame are shown in 
‘ Section § an“ the Rummary ar! Conclusions are presented tn Section 4. Appendix A provides 
: a general description of the test and analysis activity. Volume I! of this report contains the 
: data from the consiant 3trese tests together with charts cf parameter trends. 
NOTE 
iviess otherwise indicated, C ia an abbrevia~ 
Hon for Ceisiue and not Centigrade. 
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SECTION < 
DESCRIPTION OF DATA FORMATS 


The data in Section 3 contains information on the constant stress long ite tests performed 
on resistors, capecitors, transistors, and diodes. Each page inciudes a graphic presents ~ 
tion of the average trend of the parte test data and a listing of any failures which occurred 
during t-st, 


All charts Tetcut the ew Cdluaied test Sow. a with tw olaxnionum, average, and minimum 
readings taken at exch tast Ume for ths various parameters measured, Stress conditions, 
itasuremsnt conditicna, and the paremeters meesaured are noied on each figure, In 


addition to the accumulated test time, the time at which the p-rta were placed at storage 


om 


conditions of 25 Céisius and zero power for ten months is shown 
The part tyoe under test ia shown at the bottem of each page. 


All failures occurring during the test of each part type are indicaced by the time of failure 
and frequency 


Additional information ‘s available fram the ece:nuter printout ag fatiesws 


a. RKeddisgs for each part at éach teat period by aerigi numbers. 


bh. Headirge in escending oruer cof value (minimum io meximum) with serial numbers, 


c The ciang* L. reeding between Hine periods for each serial number 
ad. The change fpercent} in reacing Irom ialilal value 


imi ye. - Ain the aR apt OF 
wWedicalen in ins compe nd 2 ores: prea 


, The natural logarithm of individual eacdings al age): ime period for auch serial 
number, , 


items a, ¢, d and f include a sun:mary icv each dme period which gives the average weite 


po Ae rane ae tea se ate tent Lek em neN 


etancard ceviation, minimum velue, and maximum vaiue. Iteme b. iand It were noi 


included in previous comouter printcuts and have replaces wie: 


a. Suma of deltas for each part at each Sm period. 
h. The absolute deitag for each part ai each Unie period. 


c. The absoivte ratio for each pert at aach time period, 


Che raw data has been transferred ic RAL for incl sion in the AF reliability ccatral da 


g 


evetern. 
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Figure 3-7. R2016P1003 - Phase V - Resistance Variation 
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Figure 3-22. R2045P102 - Phase VI - Capacitance 
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Figure 3-42. Parameter Trend Chart, R2010P1 Phase IV, I, 
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Figure 3-43. Sarameter Trend Chart, R2010P1 Phase JV, Vy 
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Figure 3-56. Parameter Trend Chart 22011P1, Ambient Life, I, Group I 
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